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essential to, or the determining cause of, the forniation of a 
cyclonic whirl. He  finds that  i t  is not iiecessnry and gives in 
detail the facts of a special case over the Bay of Bengal lie- 
tween the 1st and 15th of December, 1894. His conclusions 
are favorable to tho general correctness of the ideas developed 
by Professor Ferrel who, as is well known, gave a niore'1)re- 
cise expression to the principles taught by Espy. According 
to these meteorologists, when a general uniformity of pressure 
and quietness prevails in the atmosphere, especially over the 
ocean, and when the quiet air heconies so warm and moist 
that  ascending currents and clouds are forming here and there 
over the warm region, then any one of theee ascending cur- 
rents may he so fed with moist air as t9 steadily increasv in 
its volunie and instability; i t  rises and the surrounding air 
that  is drawn in hegins a gyratory motion, usually in the 
cloud regions, but which is soon propagated downward to thc 
earth's surface. Thecluietfregion in which the iiistahility first 
occurs is often that which is called the dolclrnnis; i f  this is 
not located a t  the equator, but five or teu degrees north or 
south, depending on the seasoit, tlien the gyration of the wintls 
around the center is fully determined l y  the deflecting action 
resoltingfrom thediurnal rotation of the earth on its axis. 

I n  suniming up the results of his study of this storm Mr. 
Dallas says : 
On the first three days of December, lS94, the  Inilian daily \+eather 

charts exhihiteil a tyyaical illustration of the  ordinary nieteoroloyical 
conditions which theory assigns to tlie Belt of Calms. AII area of COII- 
tinovus low baronieter lay over tlie ctlliator, on either side of wliich the  
two trade wind currents blew freshly, while ni thin the  nren itwlf, the  
surface winds were very light antl varialde. The Heather was fine yen- 
erally, but daily, a t  4 1'. ni., just after the ilinrnal iieriorl of greatest 
evaporation, heavy 1irec-ipit:ttion of rain took place. The cliarts for 
these days show, then, a more or less inr loml area within mliich the  
weather mas fine, and constant e\~apnration was proceeding with ap- 
parently no horizontirl vutlet for the accuniulating nqut~oiis viqwr. On 
the 3cl of December t h e  southeast trades seeniingly began to take off, 
but the observations on this (lay show that  nearly all the  ships i n  south- 
ern latitudes liad entered or were close to tlie inclosetl area of light and 
unsteatly a int ls  ant1 low barometer. The sky was densely cloutletl, and 
though liravy rain fell for n t h e  during the later hours of the  (lay, this 
outlet was prt~lxhly insutticient ttJ stay tlie steadv accumulation of atlue- 
OUR vapor over the  inclosed area. I n  the  a&rnooli of this tIar (:;(I) 
tlie vessel Falls oJ. Gnrr,y, in latitntle 5' south, reporteal tlie rrshaiion aif 

the southeast trades, their re1)lncement 1,s light, t:iri:il)le, "  iffy " 
breezes anal heavy rain. By the  4th the Iirucehh of at~cnmiilalion of 
ailueous vailor hatl a1)parently reached its maximum and tlie siilw- 
quent condensation hatl set in. A continuouh clownpour of rain was 
reported, and this was accoml)anied iwith light, rarialile airs anal calms 
on all the ships within t h e  inclosed area. At the  same time as the 
constant rapiil cc~nilensation proceeded so ilL1 RtmoSpherir Ilressure 
diminish, so that Ijy tlie morning of the  6th a well-tlefined centrnlarea 
of depression hail been CIevehJped within the  inclosed area almct,t 
directly over the equator. It isinterehting to note that  so far as can l w  
jwlged from the observations, at t h e  period when the  liriiCeh4 nf I ' I J i i -  

stant evaporation hatl resulted in  a saturatetl contlition o f  the atmiis- 
phere over the inclt)sed area, antl the bulJsequent process of sutlalen, 
raltid, an11 extensive ci milensation had suewedeal, there aiaparently nc- 
curretl a slight hut apprccialde rise of pressure m e r  the  H hole eclnato- 
rial region under oliserration. This rise was diown 11y the  chart o f  S 
a. m.  of the 4th (not r e ~ ~ r i n t e ~ l ) ,  and it will lie reniernherecl that it \vas 
after 4 1). m. on tlie 3d tha t  the process of rapitl contlensntion set in  
and became the  most important of the  changes in  progress over the  
area. 

If tlie above I)e the  explanation of t h e  initiation of the  storni, then 
further inquiry woultl he unnecessary, as the  principle of evalioration 
and conclensatioii is a general and not a local one an3 is as aplilicable 
to equatorial regions as to other parts of the  earth's surface. Further, 
it  is unnecessary from this point of view to introduce a force to accnunt 
for the gyratory motions, as t h e  theory presupposes an irregular inflom 
of the surrounding air as pressure diminishes, aninflow which cnnonly 
result in  a vorticose or spiral motion of t h e  atmosphere converging 
towards a center, while for t h e  gradual increase i n  t h e  intensity of the  
barometric depression and in t h e  force of the  winds an adequate cause 
is asgigned i n  t h e  rapid condensation and precipitation of rain accom- 
panytn t h e  inflowing currents of air when once the center is de- 
velope!. * * * TWO minor points of interest connectecl with the 
disturbance deserve perha R passing notice. The  first is t h e  torrential 
rain which accompanied tEe disturbance throughout its course. This 
rainfall was apparently associated with a stream of air froin trans- 
equatorial regions, and as soon as this  supply was cut off and the wind 

shifted to northeast again, to the  south of the disturbance the rainfall 
decreased and the  intensity of t h e  disturbance diminished. The sec- 
ond is the  sharply defined limits of the  disturbance. Hardly any in- 
dication of the  presence of a storm was afforded by the  coast observa- 
tions. So much SO indeed was this t h e  case that  the  rainfall which oc- 
curred around tlie head of the  Bay on the  14th and 15th when the  cen- 
ter of disturbance was in  latitude 18" and 20° N was ascribed to dis- 
turbed weather in Upper India  instead of its, actual source, viz, the 
depression over the Bay. 

THE LOW AREAS ON OUR PACIFIC COAST. 
The daily chart  for the Northern Hemisphere accompanying 

the Bulletin of International Simultaneous Meteorological 
Oliservnt,ions, 1875-1587, has Iong since familiarized the stu- 
deitt with the fact that  areas of low pressure frequently pur- 
sue very long paths for ninny consecutive days, in their cir- 
c u i t  around the north temperate regions. Those that  start  
in the equatorial portions of the Atlantic or Pacific, after 
p s s i n g  northwest and curving to t>he northeast, finally move 
ens t-ii ur t h ea s tw ard be tween the for ty-fif th and sixty-fi f th  
parallels. 0 tliers start in t,he teniperate regions, and, without 
nioving to the westward or recurviiig, pursue nearly the 
whole path in an east-northeast direction. In describing the 
history of areas of low pressure the authors who have con- 
triliuted these chapters to tlie successive MONTHLY WEATHER 
REVIEWS for nearly twenty-five years past have usually kept 
in niind tlie fact that  lows which first appear in Washington, 
Oryon,  RIontnna, and Alberta, or British Columbia, have 
1)roIial)ly originated a t  some point far to the west, and if oc- 
casionally the drscription of such a storm liegins by speaking 
of i t  as origiiiating over our North Pacific Slope Region; this 
is a slip of the pen which the reader may generally interpret 
without being misled by it.  

The Editor has on several occasiotis pointed out the fact 
that  the isobars and therefore the miiicls a t  a considerable 
distance abovp tlie earth's surface have very little resemblance 
to the isoljars atid winds a t  sea level. I n  fact, the normal 
isohnrs a t  nu cblevaticiii of 5,000 meters (which represents a 
surface :I little a l i o v ~  the summits of the Rocky Mountains) 
present a grand oval depression whose longest axis extends 
frt)tit tlitl liiiitrd States toward the north-northwest over the 
Saskntchawa~i and the Arctic regions to eastern Siberia. 
( S e e  Chart 1'11, herewith.) By studying a polar projection 
of the Nort hern Hrmisphere we perceive that the whole upper 
circulation of winda and clouds and the general movement of 
arras of low pressure and high pressure are related to this 
distribution CJf pressure in the upper layers of air. When a 
storni reliter I ~ I O V ~ H  fr (J l l1  Japan to the North Pacific, or from 
the latter tlJ our Pacific Coast, or froni Alberta and Oregon 
southeadward, or from Texas and Kansas northeastward, i t  
is di+xril~ing some portion of a circuit about this great upper 
region of low pressure. It is simply a special whirl gliding 
dJ(lUt in the niaelstroni that  occupies one-half of the north- 
ern heniisphere. The axis of this oval polar maelstrom 
prol~ably changes its position with considerable regularity, 
oficillating slowly to and fro ; therefore, the paths which the 
smnl ler disturbances clescril )e will vary simultaneously with 
t h a t ;  soinetimes the storms will move far to the south either 
in America or in Russia in order to circumnavigate the south- 
ern extension of the longer axis of the oval but will thereby 
diminish in intensity and almost die out. Sometimes a new 
whirl will start  a t  the southern end of the oval; sometimes 
all the paths of the l o w  arms will lie on the northern border 
of the United States and Canadian weather charts because 
the polar maelstrom ha8 altered its dinietisions arid locations. 
Even the great subpermanent areas of low pressure in the 
North Atlantic and North Pacific are subordinate to the greater 
area of low pressure a t  the upper level and its attendant winds. 

These remarks are appropriate to a note from Mr. Alexander 
McAdie, lociil Forecast Official a t  San Francisco, in which he 
says : 
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C'olumn tein eratures 
(Rthrenteit). 

A little study of weather types on the Pacific Slope makes it plain 
that certain conditions traverse the  country from the  Pacific ; thus to 
take at random the month of January, 1895, some of the deep lows 
that  might have been supposed to originate over Manitoba or further 
west over Assiniboia, Alberta, and British Columbia, did not so origi- 
nate but are storms that can be traced distinctly in their onward march 
from the northern-central Pacific Ocean northenetward, often recurving 
and doubling in  their paths, but preserving identity. Passing south of 
Sitka they march eastward and reach Newfoundland in  about 120 hours. 
For example, a storm passed front Sitka to Ht. Johns between January 
12 and 17. This storm did not originate in  the  Northwest Territory but 
clearly came in from the  Pacific. Where it did originate we d~ not 
know, but it is a n  error to locate its origin in any of the  Northwest 
Territories. And this is probaldy true of most storms which are said 
to originate over Bthabasca or Saskatchewan. The truth is that  storms 
first come into notice in  these localities but originate elsewhere. 

I n  preparing the chapter on high aiicl low areas for the 
MONTHLY WEATHER REVIEW for Jaiiiiiiry, 1895, hlr. A. J. 
Henry (whose name in  the absence of the Editor was acci- 
dentally omitted in tha t  connection) iiinkes note on page 3 of 
the fact tha t :  

The  stornis of the  Pacific Coast present a cliaracteristic thnt is worthy 
of special stud viz, an apparent oscillation from the ocean to the  land, 
ana1 nice twaa, t&t is to say, the  low approaches the  coast ancl partially 
disappears, reap >caring within a period of twelve to thirty-six hours, 
and continuing h i s  action until the  storm finally disappears. 

This same phenomenoii has recently heen indepen tly noted 
by Mr. W. H. Haninion, Forecast Official, Weather Bureau a t  
Sun Fraiicisco, who, under date of Noveinher 14, states tha t :  

During t h e  IJast two years I have been engaged (luring my leisure 
time in preparing weather charts of the  Pacific Ocean. Some remark- 
able informatioii has been obtained from these cliarta. The sturins 
tha t  approach t h e  P:tcitic C'oast from the  ocean, frequently recurve 
several times after tunclring the  coabt, the nnmlier of such oscillations 
being greater the  fartlier south the  storm approaches the coast. 

The fact that  a storin moves soiithw~rcl, ricochetting ;~1oiig 
the Pacific Coast., and prohably dying rtrvtiy as i t  progresses, 
harmonizes with the general theory of the nioveineii t o f  vor- 
tices. If the general dintribntion of pressure a t  sca level, and 
especially at 16,000 feet, is such ns to give the storiii center a 
general movement southward or southeastward along the 
Pacific Coast, then tlie iiiflueiices of tlie high mouiitain land 
iti the interior of California aild of the plateau lands of Itlalio, 
Nevada, Oregon, Utah, ancl Arizona are like those of a Imrrier 
agnitist which a small atmospheric vortex iiiay strike only tu 
be reflected several times in succession. A further special 
influence of these high lands is tu furnish deeceiiding dry air  
whose niixt,ure with the moist air  of the whirlwind rapidly 
diminishes the clnantity of condensation and the sustaining 
pnwer of the whole niechanisni. The inverse conditions pre- 
vail on the east slope of the Rocky Mountains, where, t,here- 
fr,re, n whirl once skirted is apt to increase in all charnctc~- 
istic phenonieii:~. Possibly this process is illustrated by the 
low area of October 29, 1886, i n  regard to which Mr. h1cAdie 
writes : 

On Monday, October 26, a. m., a ~ B W ,  %;.io, with smtheast winds, 
appeared on the  Oregm (boast. Taking it mtmt unrisnnl C I ) I I ~ H ~  tli ih 
storm passed southward, and on the  niorning of the  27th a: is  over cen- 
tral California (S:m Francisco, 39.56, southeast wintl, 1.111 inc.lic.s  tin- 
fall). By 10 o'clock of the same (lay the etorni was nloving I I ~  the  8:tn 
Joaqnin Valley, and heavy rain was falling over SCJUthNn (lalifornia. 
On the morning of the 98th the pressure WRS 29.i.S a t  El Paso, with 
rain, and the  storm was orit of our limits of olat.rvation, hot jnst c'u~ii- 
ing into prominence elsewhere. Its subsequent history is plain. 

HIGH-LEVEL ISOBARS. 
In a preceding note the Editor has remarked that  the 

iiioveinents of low areas across North America are elncidatecl 
by studying the upper isohrs of the Northern Heniisphere. 
Maps of these isobars would doubtless be more frequently 
constructed a i ~ d  studied were we not hindered hy the apparent 
uncertainky of reducing pressures observed a t  a low level up- 
ward to some considerable altitude; especially might one he 
hindered by the great labor of computiiig many such reduc- 
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tions. A rigorously correct reduction upward requires that 
we know the average temperature of the column of air above 
each station, and this is practically impossible i n  the present 
state of meteorology, though it niay hecome practicable when 
balloons and kites have been riiore widely utilized. Mean- 
while we niust be coiitent with rather crude approximatioiis, 
hit this will not lead 11s astray if we kPep clearly before ns 
the extent to which oiir data are liahle to be in error. The 
preparation of a daily chart  of upprr isohars, say for S a. in. 
and 8 p. m., standard time, could hardly he serionsly under- 
taken unless we had actual observations of tlie upper tem- 
peratures froin balloons or kites or monntain peaks, but the 
preparatioii of rnonthly and annunl normal charts for the 
level of 5,000 Incters may, perhaps, be nndertaken with satis- 
fnctnry succem a t  the present time. The laborious nunieri- 
cal cuniputatioiis of the pressures a t  this upper level call IJe 
entirely avoidixl Iby using tlie vcry convenient method sug- 
gmted by Morller i n  lSS2, and elalwrated hy Iioeppeii in the 
Met. Zt>it.schrift for Deceniher, 18M. By omitting illusory 
refinenitmts Koeppen has thrown all the labor into the iise of 
a single table, which lie gives in iiietric iiieasures. The fol- 
lowing talde reproduces in English nieasures the second of 
the tnhles given by Koeppen. 

Ai7t~oqiheric preaaicre at  5,000 mefew,  or 1G,104 feet .  
[The a.rpumentq are: Pressure at sea level, and the :weraqe temperature of the  

intervening layer of air, which ir approximately the actual temperature at 2,m 
meter?.] __ - 

21.9. .................. 
19.2 ................... 
3.0 ................... 

- l i .O ................. 
-14.R. .................. 
-23.3. ................ 
-31.4. .................. 
-39.1 ................... 
-46 .7 .  .................. 
-53.9 ................... 

14..W 15.00 
14.61 14.m 
14.41 14.61 
14.22 14.41 
14.U3 14.!2 
13.85 14.a3 
13.66 13.85 
13.48 13.66 
c3.30 13.48 
13.13 13.30 

0 -i z-ic 

15.61 
15.41 
15.3) 
15.00 
14.80 
14.61 
14.41 
14.22 
14.03 
1 3 , s  

75.2 ................... 
67.7 ................... 
52.7 ................... 
49.1 ................... 
32.0 .................. 

15.R2 1G.W 
15.61 15.82 
15.41 15.61 
15.20 15.41 
15.W 15:& 
14.80 15.W 
14.61 14.W 
14.41 14.61 
14.22 34.41 
14.M 1 4 . 2  

Sea-level pressure (inches). 

rn8. 
16.25 
16.04 
15.E 
15.61 
15.41 
15.m 
15.00 
14.80 
14.61 
14.41 
1 4 . B  
14.03 

1 3 . a  
13.48 

13. a5 

__ 
B. 13 

Inr. 
16.47 
16.55 
16.01 
1 5 %  
15.61 
15.41 
15.20 
15.00 
14.50 
14.61 
14.41 
14.22 
14.03 
18.R5 
19.66 

__ 
30. i3 

Inn. 
17.37 
17.15 
16.92 
16.69 
16.47 
16.Z5 
16.01 
15.n" 
15.01 
15.41 
15.20 
15.00 
14.80 
14.61 
14.41 

31.14 

h 8 .  
17.61 
17.37 
17.15 
1G.Y. 
16. E9 
16.47 
lG.25 
16.W 
15. 82 
15.81 
16.41 
15.W 
15.00 
14.80 
14.61 

This tal)le is SO arraiiged that  the mine pressure a t  the up- 
per level, for instalice 16.25 iiiches, is repeated as we proceed 
~ I I ) W I I ~ V R ~ ~  and to thr  r ight;  that  is to say, there is a series of 
pairti of sea-level pressures ancl colnnin-temperntul.es that  u i l l  
reproduce the saiiie upper level pressure, c. y., 75.Y  and 28.74 
inches ; 63.F and 59.13 inches; 52.7" and 29.52 inches, etc. In 
I) ther word a, a lower col 11 111 11 -teniperatu re ni ay 6( I coil 11 tert )ti 1- 
ance a higher sea-level pressure as to give the snnie upper- 
level pressure.. One method of using this ta\Jle coiisists in 
picking out hy interl)olation the upper rediiccd pressure for 
any given ctdiinin teinpersture and sea level pressure, hut this 
\conld Iw very lal>orioiiu 0 1 1  account of the clouhlt. interpoln- 
tioii, even if our little tnhle were enlarged tellf(Jld. By far 
the most expeditione nigthotl of applying I<oepl~eii's t,rtI)le was 
siiggested by R1oellt.r and is as follows : Let there he given :L 
chart of sea-level isohrs  and isotherms; assume n rate of up- 
ward diniinution of air trmperature aiid calculate how niuch 
this 1) t~iild amount to in 2,500 liieters ; subtract this amoiint 
froin the teniperaturee iiiscrillecl a t  the elid of our sea-level 
isothrrms, and they a t  once l~econie isothrrins for the level of 
2,500 nieters. that  is to say, they reprwpiit tlie average teni- 
perature of n layer 5,@W ineters thick, or the argunient tlint, 
appears i n  the left-hand coliimn of the alJOVe tahlr. \T'P now 
draw another set of 2,500 meter isotherms, which are inter- 
polated Isetneeii those already drawn,so as to exactlyrepresent 
the coluiiin-teiiip~.,rat~~res, 75.2O F., etc., as given in the above 
table. In a siniilar way we now draw a second set of sea-level 


